Abstract Observation of hand movements has been repeatedly demonstrated to increase the excitability of the motor cortical representation of the hand. Little attention, however, has been devoted to its eVect on somatosensory processing. Movement execution is well known to decrease somatosensory cortical excitability, a phenomenon termed 'gating'. As executed and observed actions share common cortical representations, we hypothesized that action observation (hand movements) should also modulate the cortical response to sensory stimulation of the hand. Seventeen healthy subjects participated in these experiments in which electroencephalographic (EEG) recordings of the somatosensory steady-state response (SSSR) were obtained. The SSSR provides a continuous measure of somatosensory processing. Recordings were made during a baseline condition and Wve observation conditions in which videos showed either a: (1) hand action; (2) passive stimulation of a hand; (3) static hand; (4) foot action; or (5) static object. The method employed consisted of applying a continuous 25 Hz vibratory stimulation to the index Wnger during the six conditions and measuring potential gating eVects in the SSSR within the 25 Hz band (corresponding to the stimulation frequency). A signiWcant eVect of condition was found over the contralateral parietal cortex. Observation of hand actions resulted in a signiWcant gating eVect when compared to baseline (average gating of 22%). Observation of passive touch of the hand also gated the response (17% decrease). In conclusion, the results show that viewing a hand performing an action or being touched interferes with the processing of somatosensory information arising from the hand.
Introduction
Action observation is believed to play a critical role in motor learning, during both childhood and adulthood, and there is growing interest in its potential use for physical rehabilitation (Celnik et al. 2008; Chan et al. 2007; Ertelt et al. 2007; Mercier and Sirigu 2009; Moseley 2006; Yavuzer et al. 2008) . The discovery in the monkey ventral premotor cortex of 'mirror neurons', that are activated during both voluntarily executed movement and observed movement, has been a breakthrough in our understanding of the matching between the perception of an action and its execution (Rizzolatti et al. 1996) . Recent neuroimaging research has extended these Wndings to humans by showing that executed and observed actions share similar cortical representations (Buccino et al. 2001; Gazzola and Keysers 2009; Rizzolatti and Craighero 2004) .
Many studies have used transcranial magnetic stimulation to investigate how the motor cortex reacts to movement observation (see Fadiga et al. 2005 , for a review). These studies have clearly established that observation of a movement leads to an increase in motor excitability (Aglioti et al. 2008; Aziz-Zadeh et al. 2002; Clark et al. 2004; Fadiga et al. 1995; Gangitano et al. 2001; Maeda et al. 2002; Patuzzo et al. 2003; Stefan et al. 2005; Strafella and Paus 2000) . This inXuence on motor excitability has been shown to be speciWc to the muscles recruited by the observed action (Fadiga et al. 1995; Maeda et al. 2002; Strafella and Paus 2000) and to follow the temporal course of this action, i.e. the excitability being maximal at the moment where the target muscle is maximally involved in the observed action (Gangitano et al. 2001) . Studies on the similarities between cortical representations of movement observation and execution have also been conducted using electroencephalography (EEG) and magnetoencephalography (MEG). Human sensorimotor cortex at rest generates an 8-13 Hz EEG rhythm referred to as the rolandic mu rhythm. The mu rhythm, which is attenuated or abolished when motor cortex is activated during the execution of movements (Salmelin and Hari 1994) , has also been shown to desynchronize when subjects are observing a movement (Babiloni et al. 2002; Cheng et al. 2008; Cochin et al. 1998 Cochin et al. , 1999 Muthukumaraswamy and Johnson 2004a, b; Orgs et al. 2008; Pineda 2005; Pineda et al. 2000; Tremblay et al. 2004) .
Less attention has been devoted, however, to the eVect of action observation on the processing of somatosensory information. Although classically SI and SII are not thought to play a role in the mirror neuron system, some studies using functional magnetic resonance imaging (fMRI) have reported activations in somatosensory areas during observation of movements (see Gazzola and Keysers 2009 , for a review and discussion). A MEG study has also shown changes in the t10-Hz rhythm, mainly arising from SI, during both own action and action observation conditions (Caetano et al. 2007) . It is well known that there is an attenuation of somatosensory input to the cerebral cortex during movement execution, a phenomenon termed 'gating' (see Chapman 1994; Cheron et al. 2000 , for reviews). If executed and observed actions share common cortical substrates, then one might expect that observation of a movement should also cause a modulation of the cortical response to sensory stimulation. Up to now, two MEG studies have investigated the eVect of hand movement observation on somatosensory processing (Avikainen et al. 2002; Rossi et al. 2002) . These studies found a modulation of somatosensory processing during movement observation but, surprisingly, an increase in somatosensory responses was observed as opposed to the gating eVect that accompanies actual movement preparation and execution. A limitation of these studies is that they only used control tasks involving general cognitive or visual processes, such as mental calculation (Rossi et al. 2002) , watching light-emitting diodes changing colors and moving dots (Avikainen et al. 2002) . Several factors might account for a modulation of the response to hand stimulation during observation of a manual manipulative action, such as the fact that attention is directed towards that body part or the fact that there is a contact between the hand and an object (i.e. movement observation thus includes observation of a cutaneous stimulation as well). Results of a study showing decreased amplitude of the P45 somatosensory evoked potential component during the observation of touch stimuli on the hand (Bufalari et al. 2007 ) support the necessity of controlling aspects such as the observation of touch in order to determine the speciWc contribution of the movement component on somatosensory processing during manual action observation. Previous studies have also neglected to address whether the observation of actions performed by other body parts induces similar eVects. As the facilitation of the motor system during movement observation has been shown to be eVector speciWc, one should expect to observe the same selectivity in the modulation of somatosensory processing if executed and observed actions share common cortical representations.
The main objective of the present study was to understand further the inXuence of the observation of movement on somatosensory processing by investigating the speciWcity of the eVect induced by movement observation. Therefore, our primary objective was to test whether there is a modulation of somatosensory processing when compared to a baseline condition during the observation of Wve types of stimuli: (1) a hand action; (2) passive stimulation of a hand; (3) a foot action; (4) a static hand; (5) a static object. The second objective was to test whether the modulation of somatosensory excitability is maximal during observation of hand action compared to other conditions of observation.
In order to address these questions, we used the somatosensory steady-state response (SSSR), which is a long-lasting electrophysiological brain response sharing the characteristics of the sensory stimulation in the frequency domain, rather than evoked responses to transient stimulation as in previous studies. Amplitude modulations of steady-state sensory response have been interpreted as evidence of an early sensory gain control that modulates the transmission of sensory information to higher cortical areas for further processing (Giabbiconi et al. 2004 (Giabbiconi et al. , 2007 . SSSR has been shown to enhance the signal-to-noise ratio, thus reducing the required duration of data acquisition (Kelly and Folger 1999; Snyder 1992; Tobimatsu et al. 1999 Tobimatsu et al. , 2000 . As an increasing number of rehabilitative interventions use movement observation as a therapeutic modality in diVerent clinical populations (Celnik et al. 2008; Chan et al. 2007; Ertelt et al. 2007; Mercier and Sirigu 2009; Moseley 2006; Yavuzer et al. 2008) , we aimed to use a simple and rapid measure of somatosensory processing during action observation that would be easily applicable to clinical studies, for example as a screening tool to identify patients that would be most likely to beneWt from mirror therapy or related approaches. The basic principle of the method employed was to apply a 25 Hz vibratory stimulation to the index Wnger during observation of hand movement and other control conditions, and to look for gating eVects in the 25 Hz band, corresponding to the frequency of applied stimulation. The hypothesis was thus that the energy in the 25 Hz band would decrease during observation of a hand movement when compared to baseline, but not during observation of control conditions.
Experimental procedures

Sample
Seventeen participants (12 women, 5 men), without any history of neurologic disorder or orthopedic impairment aVecting their upper limbs, were tested. They were all righthanded based on self-report and aged between 19 and 32 years. The study protocol was approved by the local ethics committee, and all subjects provided written informed consent to participate in the study.
Experimental set-up
The experimental set-up is illustrated in Fig. 1a . Participants were seated in front of a computer monitor with their right arm on an adjustable arm-rest. Light, repetitive (25 Hz) mechanical stimulations were continuously applied to the glabrous portion of the distal phalanx of the right index. Vibrotactile stimuli were generated using a customdesigned stimulator based on a piezo-electric bending actuator (Q220-A4-503Y, Piezo Systems Inc., Cambridge, MA). The bender was covered with a thin sheet of wood and mounted in a plexiglas box on which the hand comfortably rested. The distal phalanx of the right index Wnger passively rested on the bender, gaining access through a rectangular window on the top of the box (8 mm along and 22 mm across the long axis of the Wnger, the exact contact area depending on the width of the index Wnger). Thus, the passive weight of the Wnger provided an initial indentation of the bender. The stimulation was reported as clearly perceptible for all participants. The subjects were instructed not to move during the experimental blocks [absence of movement was monitored with electromyographic (EMG) recordings (see below)]. A 25 Hz frequency was selected since previous studies on steady-state response to vibratory stimulation have shown that the best results are obtained with frequencies near 21 and 26 Hz (Snyder 1992; Tobimatsu et al. 1999) . EEG activity was acquired from 124 + 4 Ag/AgCl electrodes contacting the scalp surface by the way of saline-soaked sponges (Electrical Geodesic Inc., OR, USA). The sampling rate was 500 Hz, with the acquisition reference at the vertex and an isolated common ground. In addition, EMG activity was recorded using Ag-AgCl surface electrodes placed in a bipolar conWguration over the right Wrst dorsal interosseus muscle. Visual inspection of the EMG activity during the experiment ensured that this muscle stayed relaxed throughout the entire experiment. EMG activity was also recorded during the experimental session (1,000 Hz sampling rate) for later oV-line analyses.
Experimental conditions Six conditions were tested: one baseline condition and Wve observation conditions in which diVerent types of videos were presented to the participants on a computer screen in a dark room. Videos were presented with a computer running the E-Prime software (Version 1.1, Psychology Software Tools, Inc.) to manage the timing and presentation of the stimuli (in a pseudo-randomized order) and the generation of event codes. Each trial began with a small white cross presented in the middle of black background (baseline condition-3 s; see Fig. 1b ); participants were instructed to Wxate the cross. This was followed by a 4-s video clip, corresponding to one of the Wve observation conditions. The subject was instructed to observe attentively the video, but no instructions to focus on a speciWc aspect of the videos were given. After the end of the video clip, the screen was blackened; 3 s later, the Wxation of cross reappeared, signaling the beginning of the next trial. The participants were instructed to blink their eyes, if necessary, during the presentation of the black screen and to avoid blinking as much as possible during the Wxation and the video periods. Twelve diVerent videos were used within each observation condition to minimize boredom and to maintain the participant's attention. Half of the videos involving a body part showed a woman's limb; the other half showed a man's limb (except for static object condition). The limb was always presented in an egocentric perspective (1st person), i.e. the limb orientation corresponded to that of the observer. No clothing was visible in any of the videos. The six conditions were as follows:
Baseline condition Fixation cross.
Hand action (HA) condition
The right hand reaches toward and grasps an object (Fig. 1b) . Six diVerent objects were presented across the trials (cup, glass, spoon, pen, compact disk, and penny).
Passive touch of the hand (PTH) condition
The right hand is gently touched repeatedly by an object (Fig. 1b) . Six diVerent objects were used across trials (pen, feather, brush, screwdriver, stick, and pliers). The hand manipulating the object was never visible.
Foot action (FA) condition
The right foot moves toward and interacts with an object. Six diVerent objects were presented across trials (box, ball, power bar, straw, pedal, and sandal). 
Static hand (SH) condition
Static object (SO) condition
The six objects used in the HA condition were presented (same position as for HA).
Eight blocks of 30 trials were performed for a total of 240 trials, each trial lasting 7 s (Wxation period = 3 s [baseline condition] + video = 4 s [observation condition]). The order of presentation of the conditions was pseudo-randomized, i.e. each block comprised six trials for each of the Wve observation conditions (for a total of 30 trials in a block), but the order of the condition within each block was randomized. The total acquisition time was 28 min, for a total of 240 trials in the baseline condition and 240 trials in the observation conditions (48 trials in each condition). Note that the vibrotactile stimulator was continuously active during the whole block (i.e. 30 trials) as the measure of interest was the modulation of the SSSR. A rest period was provided after each block (vibration oV).
EEG processing EEG data processing was performed using a custom program running on MATLAB software (version 6.5; MathWorks, Natick, MA) and ELAN-Pack software (INSERM U821, Lyon, France). The signal was Wrst pre-processed to remove artifacts using user-deWned criteria. SpeciWcally, Fig. 1 Experimental procedures. a Illustrates the experimental set-up. The glabrous skin of the right index Wnger rested passively on the stimulator that was continuously providing repetitive (25 Hz) mechanical stimulations. The hand was immobilized at the wrist, and the absence of index movement was monitored with electromyographic recordings from the Wrst dorsal interosseus. b Examples of the time-course of one trial (baseline + hand action condition/baseline + passive touch of the hand condition). The 3 s baseline (Wxation cross) was followed by a 4-s video clip corresponding to one of the Wve observation conditions. After the end of the video clip, the screen was blackened for 3 s (subjects were instructed to try to blink only during that period, which was not used for analysis). After this period, the Wxation cross reappeared, signaling the beginning of the next trial. Note that the vibrotactile stimuli were continuously applied during the whole block of trials any sample was rejected if, within 100 ms in the same electrode channel, the energy content exceeded 1000 V 2 in the 80-100 Hz band or 600 V 2 in the 25 Hz band; or if, within 200 ms in any of the channels, the scalp potential exhibited variation larger than 150 V. These criteria led to an average rejection of 12.3% of the samples (range across participants: 2.5-24.8%). Spatial selectivity was then enhanced by computing individual maps of the scalp current density using Thikonov regularization on a spherical model (Perrin et al. 1989 ). Finally, the scalp current density was convoluted with complex Gaussian Morlet's wavelets (TallonBaudry and Bertrand 1999) so as to extract the energy in the 25 Hz band (SD = 3.6 Hz), i.e. the energy band in which the cortical response to somatosensory stimulation should be concentrated.
The averaged map of the baseline condition was used to identify the regions of interest for the contralateral somatosensory cortical response. Two main regions of interest were identiWed over the left hemisphere (i.e., contralateral to the stimulated hand), one frontal (electrode 24, close to F3 in the 10-20 system) and one parietal (electrode 60, close to P3 in the 10-20 system) (see Fig. 2 ). This topography is consistent with that observed in previous studies on the SSSR to vibratory stimulation (Noss et al. 1996; Giabbiconi et al. 2007; Tobimatsu et al. 1999) .
The mean energy at each region of interest (frontal vs. parietal) was then compiled across time for each condition and each participant. For the purposes of the analysis, the data for the baseline period were averaged over 2 s (corresponding to the Wnal 2 s of the 3 s long baseline period). The data for each observation condition during the video clips were averaged over a window of +300 ms to +1,300 ms. It has been shown that the minimal time required to process a complex natural (static) image is 150 ms (Thorpe et al. 1996) . Our stimuli were dynamic and more ambiguous than the categorization tasks used in studies on visual processing time. Therefore, we omitted the Wrst 300 ms of the movie presentation in order to allow the participants to process information from the visual scene and to identify the image/ action taking place. Only one second of signal was then retained for analysis, because for both conditions involving an active movement (HA and FA), most of the movement took part in this portion of the videos (reaching movement with either the hand or the foot). As it has been shown that the increase in motor excitability is maximal at the moment where the target is maximally involved in the observed action (Gangitano et al. 2001) , the maximal gating eVect was expected at that moment.
Statistical analyses
For each subject, it was Wrst veriWed that there was no diVerence in EMG background across the baseline and observation conditions using a one-way ANOVA. No signiWcant results were found (P > 0.2 for all participants), conWrming that no subject activated his hand muscles during the task. The stability of the SSSR was then veriWed by looking at the coeYcients of variation of the SSSR during the baseline condition across blocks. CoeYcients of variation above 20% were judged unacceptable (potentially suggesting inconsistent somatosensory stimulation across Fig. 2 Change in the steady-state somatosensory response (SSSR) observed in the diVerent observation conditions. Upper panel presents the average map of the SSSR (n = 15) during the baseline period (yellow indicates higher energy). The two electrodes of interest retained for analysis are depicted, one frontal (E24) and one parietal (E60). Middle panel presents the time-course of the SSSR changes at both electrodes (raw data were smoothed using a 500-ms moving-Wlter). The zero of the X axis indicates the end of the baseline period and the beginning of the video period (observation conditions). The shaded areas outline the signal retained for analysis during the observation conditions [800-1,300 ms on the Wgure, which corresponds to 300-1,300 ms on the raw data (given that a 500 ms moving Wlter was applied)]. The Wnal 2 s of the baseline period were averaged for the analyses. Lower panel presents the mean percentage of suppression (error bars indicate SEM, n = 15) of the SSSR measured at both electrodes during each of the 5 observation conditions relative to baseline. Asterisks indicate observation conditions that are statistically diVerent from baseline. Horizontal lines indicate observation conditions that are statistically diVerent from the hand action condition blocks), leading to the rejection of two subjects from the statistical analyses. In the remaining 15 subjects, the average coeYcient of variation of the SSSR amplitude in the baseline condition across block was of 9.5 § 4.4% (frontal region) and of 10.0 § 4.1% (parietal region). As longstanding vibrotactile stimulation might have resulted in some habituation, we also looked at whether there was a systematic decrease in SSSR amplitude across time by comparing (using paired t tests) the average SSSR amplitude in the baseline conditions during the Wrst four blocks versus during the last four blocks. No signiWcant diVerence was found (P > 0.15), suggesting that the response to the stimulation remained stable through the experiment.
Objective 1 was to test whether there was a modulation of somatosensory excitability during the Wve conditions of observation when compared to the baseline condition. In order to answer this objective, one-way ANOVAs for repeated measures were used for each of the two regions of interest to test whether there was a group diVerence in average SSSR response across the six conditions, the baseline (Wxation period) and the 5 observation conditions (HA, PTH, FA, SH, SO). When a signiWcant diVerence was found, pre-planned contrasts (Dunett's multiple comparison test) were performed to verify the presence of a gating eVect associated with each observation condition (deWned as a signiWcant diminution in the amplitude of the SSSR during a given observation condition when compared to the baseline). Objective 2 was to test whether the modulation of somatosensory excitability is maximal during the observation of hand action compared to other conditions of observation. For this analysis, an index of modulation of the SSSR was computed for each condition as follows: (SSSR amplitude during a given condition-SSSR amplitude during the baseline period)*100/SSSR amplitude during the baseline period. On this index, a negative value indicates a gating eVect, i.e. a suppression of SSSR when compared to baseline. The amount of modulation was then compared across conditions using a one-way ANOVA. When a signiWcant diVerence was found, pre-planned contrasts (Dunett's multiple comparison test) were performed to compare the HA condition to all other conditions.
Results
The time-course of the SSSR for each observation condition is depicted in Fig. 2 . For Objective 1, ANOVAs showed a signiWcant diVerence in the amplitude of the SSSR between conditions only for the parietal electrode (E60, P = 0.003), failing to reach signiWcance for the frontal electrode (E24). Consequently, all further analyses were restricted to the results obtained at the parietal region of interest (E60). Post hoc analyses showed that two observation conditions resulted in a signiWcant gating eVect when compared to the baseline condition: the observation of a hand action and the observation of passive touch of the hand (see Fig. 2 ). On average, participants showed a reduction of 22% of the SSSR during the observation of hand action when compared to rest, with 13 subjects out of 15 showing a decrease of 10% or more. During the observation of passive touch of the hand, participants showed an average decrease of 17% of the SSSR, with 11 participants out of 15 showing a decrease of 10% or more. For the three other conditions (SH, FA, and SO), for which no signiWcant gating eVect was found, the average reduction of the SSSR was of 6, 11, and 9%, respectively, and a decrease of 10% or more was observed in 5, 8, and 7 participants out of 15. For Objective 2, the ANOVA revealed a signiWcant diVerence in the index of modulation of the SSSR between the observation conditions (P = 0.005). Post hoc analyses showed that the amplitude of gating was signiWcantly greater during the observation of hand action when compared to the observation of the static hand or the static object, but not compared to the observation of passive touch of the hand or of the foot action.
Discussion
Our results showed that observing a hand grasping an object causes a decrease in the amplitude of the SSSR induced by a 25 Hz mechanical vibration applied to the index Wnger. Such an attenuation of the SSSR is congruent with a tactile gating eVect, i.e. attenuation of the cortical response to somatosensory input occurring during movement execution. This result diverges from those of two previous MEG studies showing a modulation of somatosensory processing during observation of a manual action (Avikainen et al. 2002; Rossi et al. 2002) as the direction of the modulation found in the present study was diVerent: we found a decrease in the SSSR during movement observation (similar to the gating eVect seen during actual movement execution), while previous studies reported an increase in responses during movement observation. This might be attributable to important diVerences in the methods employed. The MEG studies focused on the magnetic Welds evoked by transient stimuli presented with long interstimulus intervals that allow the underlying generators to recover after each stimulus. In contrast, we used the SSSR, a sustained brain response to stimuli applied continuously. It is possible that transient stimuli and SSSR rely on diVerent processing streams. Indeed, it has previously been shown that the dipoles associated with the transient responses and steady-state responses are localized in two distinct regions within primary somatosensory cortex (S1), with transient responses located on average more medial and deeper than the steady-state responses (Nangini et al. 2006) . Another potential source of diVerence is that previous studies used MEG, which only detects tangential currents, while EEG detects both radial and tangential currents (Hamalainen et al. 1993) . MEG is therefore mainly sensitive to the activity of structures perpendicular to the skull, such as area 3b of S1, while EEG also detects the activity in structures parallel to the skull, such as areas 1 and 2. Area 2, which is involved in kinesthetic processing, has been showed to be activated during observation of hand movements (Oouchida et al. 2004) .
A signiWcant gating of the response to hand stimulation in comparison with baseline was found only during observation of a hand action, and not of a foot action. This suggests that the eVects of movement observation on somatosensory excitability might depend on the eVector involved in the task, as is the case for the modulation of motor excitability during movement observation Strafella and Paus 2000) . However, no deWnitive conclusion can be reached given that no signiWcant diVerence was observed when the indexes of gating during HA and FA were directly compared to each other. The movement observation-related gating might be attributable to the same mechanisms as movement-related gating. Given that no movements (or muscle contractions, as veriWed by EMG analyses) were produced by the participants, these eVects might be mediated by the eVerence copy associated with a subliminal activation of hand motor area. These inXuences may occur at the level of S1 (through projections from motor cortex to S1) but actions at earlier sites in the pathway leading from the periphery to S1, including the dorsal horn of the spinal cord as well as the dorsal column nuclei, cannot be excluded (Chapman et al. 1988; Ghez and Pisa 1972; Jiang et al. 1990; Seki et al. 2003) .
The Wnding of a gating eVect during the PTH condition is consistent with the Wnding of Bufalari et al. (2007) that observing a hand being touched can modulate somatosensory excitability. A recent fMRI study has also showed activation of somatosensory cortices when observing the hand being touched (Schaefer et al. 2009 ). This result questions whether the gating eVect associated with HA condition can be solely explained by the fact that the hand actions observed all involved a cutaneous stimulation (i.e. the hand grasping the object). In other words, HA and PTH conditions share cutaneous stimulation. However, the amount of cutaneous stimulation was larger in the PTH condition as it involved repetitive stimulation of the index while HA condition involved only contact with an object at the end of the hand action (note that the period retained for analyses was at the beginning of the movement, therefore prior to the manipulative portion of the action). Despite this, PTH condition did not resulted in more gating of the SSSR than the HA condition. The fact that HA observation also involved simulation of kinesthetic sensations might have contributed to the gating associated with this condition, but the present study does not allow discerning the relative contribution of the simulation of kinesthetic versus tactile sensations. The mechanisms underlying the gating eVect associated with observation of a tactile stimulation are potentially diVerent from those underlying the movement observation-related gating. It has been shown that the cortical response to electrical nerve stimulation is reduced by concomitant tactile stimulation, a Wnding attributed to the interference of two physical inputs to S1 (Burke and Gandevia 1988; Jones and Power 1984) . The same interference eVect might occur cross-modally (visuotactile), with the response to actual tactile stimulation of a hand being reduced by concomitant activation of S1 during observation of tactile stimulation (Blakemore et al. 2005; Bufalari et al. 2007) . It has been suggested that the relevance of stimuli can aVect the excitability of sensory cortex during crossmodal interactions (Dionne et al. 2010) . In the present study, both the visual and the vibrotactile stimuli likely activated the same regions of the somatosensory cortex, but they were not spatially or temporally congruent, and the attention of the participant was directed toward the visual stimulus.
In conclusion, the results of this study showed that viewing a hand performing an action or being touched can modulate the excitability of somatosensory areas. These neurophysiologic results parallel recent clinical Wndings indicating that observation of both passive touch and active movements in amputees and deaVerented subjects can elicit somatosensory sensations in the phantom limb (Mercier and Sirigu 2009; Ramachandran and Rogers-Ramachandran 2008) . It is suggested that SSSR gating during action observation might be useful in clinical studies as a screening tool to identify patients that would be most likely to beneWt from mirror therapy or related approaches such as virtual reality, especially given the short duration of data acquisition required with this technique.
